In this paper we examine the relative contributions of US and Canadian markets to price discovery for Canadian cross-listed options and their cross-listed underlying stocks. We use three different econometric approaches in assessing the contributions of each market to price discovery, the pair wise lead-lag relationship, the information shares approach and the common factor approach. Our derived results are consistent in all three approaches. We show that on average price discovery for cross-listed Canadian stocks and options takes place overwhelmingly in the underlying asset markets, where Canadian equity markets dominate the discovery process.
ONE SECURITY, FOUR MARKETS: CANADA-US CROSS-LISTED OPTIONS AND UNDERLYING EQUITIES

I. Introduction
It is well known that price discovery for optioned stocks, the process by which new information is embodied in trading activity, can take place either in the option market or in the market for the underlying asset. 1 Similarly, when a security is cross-listed in two different international markets the discovery process can take place in either market. The increased trend in international crosslisting of securities, particularly in US venues, has stimulated a growing body of research on this issue. 2 There are several arguments on whether the home venue or the US venue is the most appropriate for the discovery process, the former because of the obvious information advantages and the latter because of the higher liquidity. Likewise, there are advantages and disadvantages in using the option rather than the underlying asset for price discovery. In this paper we use an integrated sample of Canadian optioned stocks, all of them as well as their options cross-listed in the US, in order to assess the importance of each one of the four markets for the price discovery process. We then examine the factors that determine the relative weight of each market in that process.
In our empirical work we the use several complementary econometric approaches. We use the lead-lag analysis as in Stephan and Whaley (1990) , the information shares approach as in Hasbrouck (1995) , and the common factor approach as in Gonzalo and Granger (1995) . We find consistent results for all of them. Specifically, we find that Canadian and US markets are highly integrated for both underlying stocks and their options. We also find that contrary to the results of Chakravarty et al (2004) almost all discovery takes place in the underlying stock markets for both Canada and the US. These two markets, though, are both major contributors to the discovery process, and none of the two is dominant in that process, although Canada has a significantly larger information share on average. As for the foreign exchange market, it does not seem to 1 For empirical evidence on this issue see Stephan and Whaley (1990) , Chan, Chung and Johnson (1993) , and Chakravarty, Gulen and Mayhew (2004) . 2 See, for instance, Eun and Sabherwal (2003) , and Grammig, Melvin and Schlag (2005). contribute to the price discovery process to any significant extent. Last, these average results do in fact correspond to significant differences in the discovery process pattern between the firms in our sample. Thus, although the insignificance of the options market is present in most cases, there is a small number of firms in both Canada and the US for which an important amount of price discovery takes place in the options markets. An analysis of the determinants of the discovery process shows that the most important factor explaining the differences in information shares of the two underlying national stock markets is the volatility of underlying returns.
In the remainder of this section we complete the literature review and highlight our contribution.
On international cross-listing the key issue is the informational advantage of the home venue as compared to the superior liquidity of the foreign venue. It could be argued that the home market
where information presumably originates, should dominate price discovery, as in Solnik (1996) , and Bacidore and Sofianos (2002) . On the other hand, the sheer breadth and depth of the foreign venue, particularly if it is the U.S. market, suggests that it may assume a leading role in this regard. Several studies that have examined this issue from the perspective of the international cross-listing of stocks have reported mixed results. Methodologically the earlier studies rely mostly on the lead-lag analysis, while the post-1995 studies adopt primarily the information shares approach of Hasbrouck (1995) . Leiberman et al. (1999) find that the price discovery of five out of six Israeli stocks cross-listed on NYSE occurs in the home market and Kato et al.
(1990) reach the same conclusion for seven UK, eight Japanese and eight Australian stocks, also cross-listed on NYSE. Similarly, Grammig et al. (2005) report that price discovery of the three German stocks interlisted on NYSE and Frankfurt mainly takes place in the home venue. On the other hand Law and Diltz (1994) and Wang et al. (2002) report that causality is bi-directional, but with a stronger impact of the foreign venue in the first study and the opposite in the second study.
In Canada-US cross-listing Eun and Sabherwal (2003) have analysed the extent of U.S.
exchanges contribution to the price discovery of 62 Canadian stocks listed on the Toronto Stock Exchange (TSE) and cross-listed in the US by examining midpoint bid-ask quotes at 10 minute intervals for a six month period. They report, on the basis of the magnitude of the coefficients of adjustment of TSE prices to price deviations on U.S. markets, that prices on the TSE and U.S.
stock markets are cointegrated and mutually adjusting but that the TSE dominates price discovery for a majority of stocks. These cointegration results are not surprising, given that most studies have found that Canadian and US financial markets are highly integrated.
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When there are also traded options on a given stock, price discovery can take place either in the underlying or in the option market. With their greater potential for leverage and their bounded downside risk, option markets may presumably attract informed trading, resulting in turn in option prices leading stock prices whenever new information arrives. On the other hand these advantages are severely curtailed by the fact that financial markets are both dynamically incomplete and are subject to frictions such as transaction costs. In particular, option markets are less liquid and have much wider quoted spreads than stock markets. So, it is perhaps not surprising that empirical evidence on the lead-lag relationship between observed stock prices and stock prices implied by observed option values has yielded mixed results. Manaster and Rendleman (1982) find, on the basis of daily data on call option implied prices compared to those of their underling stocks that price changes in option markets lead price changes in stock markets.
Anthony (1988) also concludes from causality tests that trading in call options leads trading in their stocks. Kumar, Sarin and Shastri (1992) report abnormal option returns 30 minutes before the execution block trades in their underlying stocks and Cao, Chen and Griffin (2000) find abnormal trading volume in options prior to takeover announcement. Under a different approach, Gendron, Khoury and Yourougou (1994) estimate the probability of price reversals in Canadian options and their underling stocks and conclude that new information arrives first in the option markets. On the other hand, Stephan and Whaley (1990) by analysing data on CBOE call options for the first quarter of 1986 find that price changes in the stock market lead price changes in the option market by about 15 to 20 minutes on average. Chan, Chung and Jonhson (1993) also find no evidence that options lead their underlying stocks. More recently Chakravarty, Gulen and Mayhew (2004) find evidence that about 18% of price discovery occurs in the option market and that it increases when the volume of transactions in options is higher than that of their underlying stocks and when the option effective bid ask spread is narrower.
In this paper we take advantage of the unique structure of the Canadian financial markets and their close integration with the US with respect to the trading of the securities of the major Canadian firms. These firms are all optioned, and both their common shares and the options on them are cross-listed in the US. We may thus use a sample of these firms to analyse the contribution of the foreign and home venue option and equity markets to the price discovery process using an integrated approach where all option and underlying equity markets are considered simultaneously, together with the foreign exchange market. We use two different sets of statistical hypotheses, one based on a modified version of Hasbrouk's (1995) methodology specially adapted to the issue under study and a second model based on the Gonzalo and Granger (1995) common factor approach. The price discovery performance of each market is then analyzed using a statistical procedure adapted to panel data in order to identify its most important determinants. As a robustness check, the study also presents new evidence on the lead-lag relationship between all four option and underlying equity markets and assesses its relevance.
The paper thus contributes to the price discovery literature by providing, to the best of our knowledge, the first evidence on the relative shares of U.S. and Canadian markets in the discovery process of cross-listed Canadian options and their underlying stocks, and on the determinants of those shares with all markets analyzed simultaneously.
In the next section we describe the econometric methodologies embodied in the three different approaches that we adopt in the empirical work. Section III contains the results of the three approaches and section IV analyzes the differences in information shares between the firms in our sample. Section V concludes.
II.
The empirical models
II.1 Economic & Econometric Theory
The empirical work of this paper is based on two different market microstructure models developed simultaneously by Hasbrouck (1995) and by Gonzalo and Granger (1995) , with an important earlier contribution by Stephan and Whaley (1990) . There is an unobservable efficient price for a Canadian firm's stock expressed in Canadian currency and following a logarithmic random walk, which is equivalent to the standard setting in the asset pricing theory that the asset prices net of dividends are martingales. This price is embodied in the observable prices of four distinct instruments trading in four markets, two of which are in Canadian and two in US currency. 4 Let ,
, denote the stock prices in $Can and $US respectively, and ,
, similarly denote the stock prices implied from the option markets. The logarithmic exchange rate t Ein $Can/$US also follows a random walk.
Without loss of generality we assume that C t S is the efficient price following the random walk and
All error terms have zero mean and are serially and contemporaneously uncorrelated. For
A similar random walk characterizes the US share price, which adjusts to the last observed exchange rate and Canadian price and includes its own random error t δ 1 1
The implied stock prices from the option markets are obtained by inverting the corresponding observed option prices in the Canadian and US markets. We use the Black-Scholes-Merton (BSM) expression as a simple translation formula without necessarily assuming that this expression is a valid representation of the option value. A key issue is the volatility to be used in the BSM expression, which may itself be following its own random process. We use a lag of one In what follows all symbols in our expressions denote the natural logarithms of the corresponding dollar prices and exchange rates. 5 We also tried various lags between 3 and 60 minutes without any appreciable difference in the results. 
Neglecting for the moment the exchange rate and focusing on the two pairs of national markets, we note that one approach to the analysis of the price discovery process is the lead-lag model, which considers the structure of the error terms in the actual and the implied stock prices. For instance, in the case of the Canadian market this lead-lag model would consist of the relationship between the error terms t γ and t ς . In a perfect market without any frictions and any observational delays these two terms should be equal. Since this is not the case, price discovery can be studied by a pair of models of the following form
where K is the arbitrarily chosen number of leading and lagging regressors. Price discovery is represented by the nonzero and non-contemporaneous coefficients.
Apart from the fact that this model cannot account for the analysis of price discovery in more than two markets, especially in the presence of exchange rate effects, the lead-lag model may be misleading when the variables are cointegrated. Hence, model (5) will be used only as a robustness check of our results, and we shall focus our empirical work on the cointegration analysis, which will be carried out in a number of different combinations of the random walks given by expressions (1)-(4). In general terms, let t Pdenote a vector of prices that in the empirical applications will contain a number n of elements ranging from 2 to 5, as well as one or two common trends, associated with the stock price and the exchange rate. Since the prices observed in different markets are kept from drifting apart by intermarket arbitrage both internationally and between the options and the underlying trading venues, the prices are cointegrated of order one αβ − represents the equilibrium dynamics between the prices. The cointegration rank r is determined by the number of common stochastic trends in the data. 8 In particular, we expect to have the cointegration rank r equal to n -1 when there is no exchange rate in model (6), since in this case there is a single common trend, the efficient price. The inclusion of the exchange rate in model (6) will add an additional common trend, thus setting the cointegration rank r equal to n -2. In all empirical applications we use the Johansen (1990) test to determine this cointegration rank.
Even though the common efficient price is not observable, its random-walk variance may be estimated in model (6) as
where ψ are rows of an [nxn] matrix Ψ given by
7 See Engle and Granger (1987) . 8 See Stock and Watson (1988) . 9 See Hasbrouck (1995) . 10 See Johansen (1990) .
where [nx(n-r)] matrices α ⊥ and β ⊥ are non-trivial orthogonal complements to α and β in (6), the i A matrices are as in (6) and I is an identity matrix. 11, 12 Note that if there is no exchange rate in the model (6), all rows of Ψ are identical, otherwise we have a row corresponding to the exchange rate random walk variance that is clearly different from the others. This case is outside the scope of this paper, and in what follows we define ψ as corresponding to the common efficient price.
Then the information share (IS) of a given market is defined 13 as the proportion of the random walk variance that is attributable to the innovations in that market. If the covariance matrix Ω is diagonal then we have a clean decomposition into contributions of each market to the total variance of the permanent component, with the contribution for the j-th market equal to
This diagonal property will hold if the underlying random walk hypothesis is well satisfied by the data, i.e. if there is little contemporaneous correlation between the residuals in (6). If the offdiagonal elements are non-zero then we apply the Cholesky decomposition to the covariance matrix Ω . In this case, which is the one that prevails in our data, the contribution of each market to the price discovery is not unique, varying with the ordering of variables in the Cholesky decomposition. Accordingly, we search over all possible rotations for the minimal and maximal IS for each market, which constitute the bounds on this quantity.
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The Gonzalo and Granger (1995) decomposition into the permanent and transitory components starts with the same VECM model (6). Then we have the following decomposition of the price vector: showed that for symmetrical systems, i.e. with the number of markets n even and with the cointegrating vectors coefficients in β in (6) close in magnitude but of reciprocal signs in different markets, as we may expect in our setup for the models without the exchange rate, the midpoint values of IS are close to CS. In our data we observe substantive correlations between the residuals in the VECM model (6) even at the highest admissible sampling frequency. Hence, the Gonzalo and Granger (1995) approach offers an a fortiori important cross-validation for the results of the Hasbrouck (1995) model.
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15 In case there is exchange rate in model (6) one of the two columns in α ⊥ will correspond to the exchange rate permanent component. 16 See Granger (1980) . 17 See Gonzalo and Granger (1995) for an alternative estimation method. 18 There is an ongoing debate in the market microstructure and the related econometric literature about the relative merits of the Hasbrouck (1995) and Gonzalo and Granger (1995) approaches. As De Jong (2002) points out, CS for a given market ignores the variance of an innovation in this market while it measures the weight of this innovation in the increment of the efficient price. On the other hand, IS measures the share in the total variance of the efficient price contributed by a given market. In a recent work, Yan and Zivot (2007) analyze the performance of IS and CS in the structural VAR framework and point out that IS at high sampling frequencies may be adversely affected by noise. In conclusion, the authors recommend using these two measures in conjunction.
II.2 Applications of the Econometric Model
We apply the above VECM model (6) for the following price vector cases. First there are the prices in the two purely national markets, in which the exchange rate t E does not enter, n=2 and [ , ] , ,
Here we have a single common trend. Next we introduce the exchange rate and we consider n=3 and
≠ . Last, we examine the most general case n=5 and
In all these cases there are two common trends and the rows of the matrix Ψ are not identical.
The number of cointegrating relations is equal to n-1 when the exchange rate does not enter and to n-2 when there are two common trends. This translates to single hypothesized cointegrating (6) for the case where [ , ] , ,
, but also to the single cointegrating vector hypothesized 
denote the cumulative effects on price i of a unit shock in price j. If we denote the top row of the matrix as corresponding to the exchange rate and the two bottom rows as corresponding to, say, the US-and Canadian-traded stock prices respectively, then we anticipate certain particular properties of the matrix Ψ . Specifically, we expect 12 The cumulative effects of the exchange rate on the respective stock prices 21 ψ and 31 ψ remain ambiguous since the prices of particular equities may differ with respect to their sensitivity to the exchange rate. Since we are not interested in this study in the exchange rate per se, we do not report any results related to the information shares in the market for the exchange rate. In addition, as our results in a later section will demonstrate, the exchange rate has a small effect on the information shares of the considered securities. Therefore, in the majority of applications we drop this variable from the estimation of the system (6). Last, the 
We estimate the system (6) and derive the error correction form and the covariance matrix Ω for each day for each one of the interlisted underlying securities in our sample in the various settings described above. In preliminary steps, we derive the optimal number of lags estimated by minimizing the Akaike 19 information criterion for an unrestricted vector auto regression (VAR) and apply the Johansen (1990) test to VECM model (6) to determine the number of cointegrating relations. As suggested in the previous section, we adopt Johansen (1990) maximum likelihood estimation for VECM as an econometric approach to derive the estimates for our two main models based on Hasbrouck (1995) and Gonzalo and Granger (1995) .
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II.3 Data and empirical methodology
We apply our model using data on quotes in equity and option markets both in Canada and in the US. More specifically, the initial sample consists of intraday quotes on options traded both in Canadian and US markets during the 6 months from September 2007 to February 2008 inclusively. 21 As noted in Hasbrouck (1995) , the use of quotes rather than trade prices is supported by the fact that option quotes change more frequently than trade executions, which makes it more likely to observe the required lack of correlation in cross market innovations. The data 22 include all available time stamped price quotes on the selected option series. In total 62 different option series were included in the analysis. Each option quote was first matched to the corresponding time stamped quotes on the underlying security that was obtained from the Toronto Stock Exchange data tapes. The data was then matched to US market information, 19 The use of this criterion resulted in better residuals' autocorrelation properties compared to the use of the Schwarz information criterion, which systematically resulted in a lower number of included lags. 20 Gonzalo (1994) presents the evidence in favor of the use of maximum likelihood VECM compared to other estimation methods. This approach performs well even if the system is overparametrized by including a large number of lags. 21 Quotes that were not updated in the 15 minutes prior to each observation were eliminated from the analysis. 22 The data was made available to the authors by the Montreal Exchange (ME).
which is comprised of national best bid and offer (NBBO) quotes obtained from an independent source 23 that compiles data from all US option markets and their corresponding underlying security's quote information. Each observation was also matched to the contemporaneous quote on the exchange rate. Table I presents the descriptive statistics for all markets in this analysis and also includes the relative market shares for all 62 securities under study.
For the period of study, we have 122 days for which there was trading in both the US and Canada, which results in potentially 7564 company-days. By accounting for the availability of data, 24 we note the following numbers of company-days simultaneously available for all the specified variables: derived from the option quotes we first obtain the implied volatilities , ,
by inverting the BSM expression at time t − ∆ by using the contemporaneously observed option and underlying security prices, and then we use this volatility to compute ( , )
as in (4). In all cases we use the bid-ask midpoint as a measure of the stock and option prices. In the results that we present we used a one-minute time lag ∆ between the implied price estimates at t and the corresponding implied volatility estimates at t − ∆ . We also verified that varying this lag between one and sixty minutes didn't appreciably affect our results. Since the data includes quotes for several contracts on each underlying security at each instant, our final estimates of the implied stock prices are averages across all observed quotes for each series at any given instant. These averages were stratified with respect to the option contracts' moneyness and time to maturity.
As mentioned earlier, this estimation of implied underlying security prices is then matched with the corresponding price quotes in the observed equity markets and included in the estimation of 23 See marketdataexpress.com 24 The most important factor in limiting the use of data is the availability of options' quotes. To include a given company-day options data, we demand at least 1,200 actual quotes, which is roughly 50% of 2340 ten-second sampling frequency in the 9:30-16:00 interval. We follow the usual practice of filling out missing observations with the last available quoted price. each market's information share using equation (8). A key empirical issue is the chosen length of the sampling interval. It is important to note that in order for the IS estimates to be informative the correlations of the price innovations across the markets under study should be minimized by selecting as short sampling interval as the data may afford. 25 A suggested one second sampling interval may minimize potential correlations even if they are not eliminated completely.
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Another study uses a 10 second and a 1 minute sampling intervals and also finds that the time aggregation is likely to influence the degree of correlation across markets, but that the two intervals yield similar results.
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A problem that arises in Canadian option markets in this context is that they have been shown 28 to be often extremely thin for many option series, where price quotes are not updated as frequently as in more liquid markets. The Canadian information share resulting from information flows may thus be diluted by the greater liquidity levels in the US to the extent that the frequency of price quote updates is positively related to market activity. A ten second sampling is thus used in this study as a compromise between the issue of market thinness in Canadian option markets and the need to minimize the correlation in cross market innovation.
As noted earlier, the existence of contemporaneous correlations of residuals in the VECM model (6) yields lower and upper bounds on IS. We establish these bounds by searching over all possible Cholesky factorizations of the covariance matrix Ω . Then we compare the midpoints of these bounds to the Gonzalo and Granger component shares (CS), whose estimation doesn't depend on the random walk hypothesis and thus admits contemporaneous correlation of residuals without resulting in a bounded quantity. 25 In our data for a one-minute sampling interval the correlation of the Canadian and US underlying stock price increments was of the order of 0.9, resulting in bounds on IS of app. 
III. Results
III.1 The lead-lag results
We start with the simple lead-lag test of equation (5) on the four markets grouped in pairs, with data collected with a one-minute sampling interval. Although this test lacks the generality of the information shares and the common factor approaches in the sense that the analysis is confined to market pairs, it does give us a preliminary indication of the aggregate dynamics between the relevant markets. We consider separately each pair of markets, starting with the equities, then options with corresponding equities in national markets, and ending with options and equities across the two national markets. Table II presents the results of this test. For the pair of the two equity markets it shows a high degree of integration between US and Canadian markets for the underlying securities of the options cross-listed in both markets. The adjusted R-squared for the regression of the two equity markets is 69.4% indicating that much of the variability in the US market for these underlying securities can be explained by their fluctuations in Canada and vice versa. In addition, within the one-minute time interval the contemporaneous coefficient between the two equity markets is very large and highly significant However, the findings presented in table II do not allow us to conclude that one market leads the other in a consistent manner. The aggregate coefficients for both lead and lag parameters of the Canadian equities on US equities, when significant, are all positive and remain highly significant for up to 6 minutes before and 8 minutes after each quote.
For the pairs of the equities and option implied prices in the two national markets the results of Table II similarly show at the aggregate level a relatively strong relationship between Canadian option implied prices and prices of their underlying equities, with an adjusted R-squared of 33.5%. Most of the parameters are often highly significant for the lag relationships, indicating that equity prices seem to lead option implied prices in Canada by up to 10 minutes. The results also show that within a one minute interval, the relationship between the two markets is, as expected, positive and highly significant. Similar results can also be observed for the equivalent pair of observed and option-implied prices in the U.S., where most of the lag parameters of equity markets have a positive and statistically significant effect on option implied prices and where the one minute contemporaneous effect is again positive and highly significant. These results contrast with those of Manaster and Rendleman (1982) , Anthony (1988) , Cao, Chen and Griffin (2000) but are consistent with the findings of Stephan and Whaley (1990) and Chan, Chung and Jonhson (1993).
In the pair-wise comparison between Canadian option markets and US equities the results in Table II show that most lead and lag coefficients in equation (5) are positive and significant. The order of magnitude is significantly greater for the lead parameters indicating that for the sampled options, the US equity markets also lead Canadian options by up to 10 minutes in a statistically significant manner. In the pair of option implied prices the results in Table II indicate that Canadian implied prices neither lead nor lag the implied prices in US option markets, while for the pair of Canadian equity markets and US option markets the parameters on Canadian lagged prices exhibit a positive and statistically significant effect on US implied prices that is of greater magnitude than the few significant lead estimates. These aggregate results provide only a preliminary indication of the strength of the relationship between these four markets and point to the need for more in-depth analysis that can be provided by the information share framework.
They also point to a high and consistent degree of integration between all four markets. 
III.2 The Hasbrouk (1995) information shares results for market pairs
Next we estimate the Hasbrouck (1995) information shares model, by applying the vector autoregressions error correction form (VEC) (6) and then estimating the information shares bounds for each market as analyzed in the previous section. In order for the information bounds to be informative the sampling interval must be such as to minimize the effects of potential contemporaneous correlations. Our analysis shows that the sampling interval that best suits our study in terms of controlling potential contemporaneous correlations and providing reliable information bounds is a 10 seconds interval. We will therefore use this time frame in the remaining analysis. We start from pairwise comparisons of the information shares of relevant markets and then proceed to an examination of all four markets put together. Table III shows that Canadian options contain on average between 42.5% and 49.1% of the information share while US options contain a slightly higher information share of between 50.9% and 57.5%.
Again, when the foreign exchange market is considered separately, unreported results show that its average information share is negligible.
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On the other hand, in the two pairs of option and equity markets within each country the results
show that most of the average information share is associated with equity markets for both US and Canada. Indeed, that of the US option market, where average information shares range from 1.5% to 6.9%. When the foreign exchange rate is considered separately, its rate dynamics exhibit information share bounds of 0.01% to 0.08% on average. Its inclusion in the simultaneous analysis does not however affect the information shares results of the four other markets to any significant extent.
Table IV approximately here
The results of Table IV , where all four markets are examined simultaneously, are fully consistent with those of the pair-wise comparisons of Table III . The relative importance of each market's information share reveals that Canadian equity markets have a greater information share than US equities, while the Canadian option markets' information share is less important than its US counterparts. These results are all the more relevant when relative transactions volumes of these markets are taken into consideration. Indeed the Canadian equity market information share is higher than that of its US counterpart even though its proportional share in total volume of 30 These results contrast with those of Grammig et al (2005) using German internationally cross-listed stocks.
transactions in both markets is 38.7% compared to 47.8% for the US equity market. The contrast is even more striking in the option markets, where the US market exhibits only slightly higher information than its Canadian counterpart while its proportional share in total volume of transactions average 12.3% compared to 1.3% for the Canadian option market. These results are also consistent with those reported by Solnik (1996) , Bacidore and Sofianos (2002), Leiberman et al. (1999) , Kato et al. (1990) and Grammig et al. (2005) lending support to the higher informativeness of the home market in spite of the superior liquidity of the foreign venue where the securities are crosslisted and contrast the findings of Law and Diltz (1994) , and Wang et al. (2002) in this regard. Table   V validates the use of the former quantity as the dependent variable for the explanatory models presented in the next section.
III.4 The Gonzalo-Granger (1995) results for all markets considered simultaneously
31 See Gonzalo and Granger (1995) for details.
III.5 Factors driving the information shares between firms
As noted earlier, the information shares differ substantially among firms in all four markets. In the equity markets the average information shares bounds midpoint varies from a low of 39.4% to a high of 70.2% for Canada, and from 23.6% to 48.1% for the US. Similarly, for the two national option markets the average information shares are almost always low, but a small number of firms, 5 in Canada and 8 in the US out of the 62 firms of the total sample, have average information shares bounds midpoints that exceed 10%, while 3 firms have average information shares in the US option market of the order of 20%, of a magnitude comparable to the results of Chakravarty et al (2004) for the major US firms' options. Figures 1 and 2 show the information shares midpoints distributions for the Canadian and US equity markets respectively. Similar variability also exists for the intertemporal evolution of average information shares in the four markets, aggregated for all 62 firms in our sample and shown in Figures 3 and 4; this will not be examined in this version of the paper. In this subsection we seek to identify observable market or firm characteristics that drive the differences in information shares between firms and determine the market where most price discovery takes place. There is relatively little theoretical research on the location of price discovery when a security trades in multiple markets. It is clear that such discovery will be driven by the choices of informed traders. Chowdhry and Nanda (1991) show that under certain conditions one of the markets emerges as the dominant location for trading in the multimarket security. Nonetheless, the factors that determine this dominant location are not easy to identify empirically. Easley, O'Hara and Srinivas (1998) identify conditions that induce informed trading in the option, rather than in the underlying stock market; these, however, have little relevance to our case, since the option markets have small information shares.
In this part of our empirical work we use the variables proposed by Chakravarty et al. (2004) 
Where SHARE is the midpoint of the upper and lower bound of the first market's information share, VOLRATIO is the ratio of the first market's volume to the second market's, SRATIO is the ratio of the first market's effective spread to the second market's, EXRET 2 is the squared excess return used as a measure of firm-specific volatility, INFORMED is the proportion of informed trades. Table VI exhibits corresponding analysis of the markets for the underlying securities shows no impact for any of the variables considered except the proportion of informed trades in the US stock market which is marginally negatively significant.
We now analyse the factors affecting each market share with all market considered simultaneously within the framework of equation (10) as follows: (11) Where SHARE is the midpoint of the upper and lower bound of each market's information share, VOLUME is the market's proportional volume, SRATIO local is the ratio of the local option market effective spread to the local stock market's, SRATIO int is the ratio of the corresponding Canadian market effective spread to its US counterpart, SVOLATILITY is the stock squared excess return, CORRELATION is the correlation coefficient between CAD/USD returns and those of Canadian stocks, INFORMED is the market's proportion of informed trades, SHARE market is a control variable that takes the value of the information shares of the next two markets with the largest information shares, IVOLATILITY is the stock index return volatility for the TSE60 and S&P500
indices. Table VII shows that when analyzing the information share of each market with all four markets considered simultaneously we find that volume of transactions has an impact only in the Canadian option market, which is known to be relatively thinly traded. More specifically the volume in the Canadian underlying stock market and in the US option market for the Canadian interlisted options has a negative bearing on the Canadian option market information share. Not surprisingly, the Canadian option market proportional volume on per option series basis has a positive effect on its information share. The results also show that the relative effective spreads do not affect information shares to any significant extent neither economically nor in most cases statistically. 33 As expected, the volatility of the Canadian stock index has a positive effect on option market information shares even though this effect is only significant in the Canadian option market, and a negative effect on stock markets information shares which is statistically significant both in Canada and in the US. The remaining variables, namely the ratio of Canadian to US volatility of underlying stock returns, the correlation coefficient between the Canadian stock returns and the US/CAN exchange rate, and the measure of informed trading do not have a statistical significant impact on information shares in any of the markets under study.
IV. Conclusion
This paper examines the issue of price discovery for optioned Canadian securities cross listed in US markets. More specifically, the study provides an analysis of the relationship between Canadian and US option and equity markets for cross listed securities in an integrated model that also accounts for the foreign exchange dynamics between the two countries. We use three different econometric approaches to the cointegration analysis of the four markets and find essentially the same results with all approaches, which adds to the robustness of our findings. We also present a study of the pair-wise lead-lag relationships that exist among the various pairs of Canadian and US stock and option markets.
The results show that Canadian equity prices lead Canadian option implied prices by up to 10 minutes. Similar results can also be observed in the US where equity markets lead option implied prices in a statistically significant manner. The results also show that US equity markets statistically significantly lead Canadian options by up to 10 minutes. However, the evidence reveals a strong relationship between Canadian and US equity markets but with no indication of one market consistently leading the other. These results point to a high level of integration between all four markets.
The information share analysis was conducted using the Hasbrouck (1995) methodology for market pair settings and was modified to account for the aggregate dynamics of all markets simultaneously. In addition, the proposed approach was validated using and alternative methodology, which is an adaptation of Gonzalo & Granger (1995) . The findings contrast with previous results by Chakravarty et al (2002) and show that equity markets exhibit a higher information share than option markets both in local pair-wise comparisons and in the integrated model that accounts for all markets simultaneously. The analysis also concludes that Canadian equity markets information shares dominate their US counterparts while the opposite result can be observed for option markets. As mentioned, these results are all the more relevant when relative transactions volumes of these markets are taken into consideration. The findings show that US markets exhibit greater relative volumes than in Canada, where this difference is almost tenfold for options even though the Canadian options' information share is only slightly lower than its US counterpart while the information share is greater in Canada for equity markets. The analysis also shows that the estimates derived from the proposed adaptation of Gonzalo & Granger (1995) coincide, on average, almost exactly with our proposed Hasbrouck (1995) adaptation, which further validates the conclusions presented in this paper.
In both the pair-wise and integrated model, the foreign exchange dynamics exhibit little or almost no information share in the price discovery process. The analysis also shows that the integrated model information shares differ from those of the pair-wise analysis. The integrated model results exhibit lower information shares for each individual market although the overall relative importance of each market in the price discovery process is maintained. This observation points to the importance of analysing the Canadian and US multi-market setting using an integrated approach where all markets are considered simultaneously. The results also validate the importance of the home market in the price discovery process for the securities of interest in this study.
The study also includes an examination of the evolution over time of the determinants of shows that implied volatility is the primary factor that determines the information share in option markets relative to the underlying securities both in Canada and in the US. Moreover, volatility and relative volume affect Canadian option information share relative to the US option market.
The analysis was also conducted by modeling all four markets simultaneously and the results again show that the thinly traded Canadian option market information share can be explained by volume levels, both in Canada and in the US, by relative spreads and by the volatility of the market for underlying securities. Interestingly, the parameter estimates for other, more frequently traded, markets exhibit large degrees of variability, which indicates that the relationship between market thinness and information shares may present a promising avenue for further research. 
